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'^Phenyldichloroarsine  (PDA),  a  vesicating  analog  of  lewisite,  was 
applied  in  an  ethanol  carrier  to  human  skin  xenografts  on  nude  nice  and 
directly  to  the  ungrafted  nude  mouse  skin.  Controls  arena  received 
ethanol.  '  Th  iiiinniii  Mere  IfUilnd  from  30  min  to  40  hr  after 
application  of  1.26  umoles  PDAonto~air  area  of  .  Skin 

sections  were  examined  by  light  and  electron  microscopy.^^Under  light 
microscopy,  we  observed  the  following  in  PnA-treAt.ed  hniAr,  — 
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’’skin  grafts:  l)  epidsrsal  cellular  nuclear  degeneration  (apparent  by  4 
hr  with  increasing  severity  through  48  &r};-^)  loss  of  epidemal 
cytoplasmic  basophilia  (apparent  by'4  hr,  maximaa  within  12  hrh  3) 
epidermal  cytoplasmic  vacnolisation  (vacuoles  appeared  within  4  hr  and 
Increased  in  size  through  24  hr);  4)  cleft  formation  within  the 
basement  membrane  zone  (apparent  by  12  hr,  increasing  in  severity 
through  24  hr):  5)  inflammation  [polymorphonuclear  leukocyte  (PNH) 
infiltration],  apparent  by  4  hr  and  Increasing  through  48  h^  The  PMHs 
formed  a  wall  around  the  lesion,  but  did  not  iBfiltrateJ;tMr^reated 
area.  In  nude  mouse  skin,  the  changes  were  similgp.aafl'MCttrred  more 
quickly,  except  for  cytoplasmie  vacuoles  v^liefeTlfen  only  occasionally 
observed.  Rude  mouse  hair  follieli^^atndrseteeeous  glands  shoved 
similar  cellular  changes  at^,j:ppro£lsately  the  same  time  as  did 
epidermal  cells.  Tysasatfssi^  electron  microscopy  of  mouse  skin 
exposed  to  6  hr  revealed  a  widening  of  intercellular  spaces 

with  att^iKi^ion  of  desnosoaes.  The  subepidemal  clefts  resulted  from 
aeparp4^n  within  the  lamina  lucida  with  the  laaina  densa  forming  the 
base^f  the  cleft. 

V  The  following  additional  lewisite  analogs  were  applied  in  ethanol 
carriers  to  nude  mouse  skint  phenylarsine  oxide,  phenydiiodoarsine , 
(trans)  chlorovinylarsine  oxide  and  (trans)  chlorovinyldiiodide.  The 
lesions  caused  by  these  analogs  were  reproducible  and  histologically 
indistinguishable  from  that  cause  by  exposure  to  PDA-  The  identities 
of  the  molecular  lesions  and  the  locations  of  the  arsenical-sensitive 
sites  are  unknown. ^ 
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Phenyldichloroarslne  (PDA),  «  vesicating  analog  of  lewisite,  was 
applied  in  an  ethanol  carrier  to  huaan  skin  xenografts  on  nude  nice 
and  directly  to  the  ungrafted  nude  souse  skin.  Control  areas  received 
ethanol,  the  animals  were  killed  from  30  min  to  48  hr  after 
application  of  1.26  uaoles  PDA  onto  an  area  of  0.126  cn^.  Skin 
sections  were  examined  by  light  and  electron  microscopy.  Under  light 
microscopy,  we  observed  the  following  changes  in  PDA- treated  human 
skin  grafts:  1)  epidermal  cellular  nuclear  degeneration  (apparent  by 
4  hr  with  increasing  severity  through  48  hr);  2)  loss  of  epidermal 
cytoplasmic  baso;^ilia  (apparent  by  4  hr,  naxlnum  within  12  hr);  3) 
epidermal  cytoplasmic  vacuolisation  (vacuoles  appeared  within  4  hr  and 
increased  in  size  through  24  hr);  4)  cleft  formation  within  the 
basement  membrane  zone  (apparent  by  12  hr,  increasing  in  severity 
through  24  nr);  5)  inflammation  (polymorphonuclear  leukocyte  (PMN) 
infiltration],  apparent  by  4  hr  and  increasing  through  48  hr.  The 
FNNs  formed  a  wall  around  the  lesion,  but  did  not  infiltrate  the 
treated  area.  In  nude  snuse  skin,  the  changes  were  similar  and 
occurred  more  quickly,  except  for  cytoplasmic  vacuoles  which  were  only 
occasionally  observed.  Nude  mouse  hair  follicles  and  sebaceous  glands 
showed  similar  cellular  changes  at  approximately  the  same  time  as  did 
epidermal  cells.  Transmission  electron  microscopy  of  mouse  skin 
exposed  to  PDA  up  to  6  hr  revealed  s  widening  of  intercellular  spaces 
with  attenuation  of  desaosones.  The  subepidermal  clefts  resulted  from 
separation  within  the  lamina  luclda  with  the  lamina  densa  forming  the 
base  of  the  cleft. 

The  following  additional  lewisite  analogs  were  applied  in  ethanol 
carriers  to  nude  mouse  skin:  phenylarsine  oxide,  phenydliodoarsine, 
(traas)chlorovinylarsine  oxide  and  (trans)chlorovlnyldiiodoarsine. 

The  lesions  caused  by  these  analogs  were  reproducible  and 
histologically  indistinguishable  from  that  caused  by  exposure  to  PDA. 
The  identities  of  the  molecular  lesions  and  the  locations  of  the 
arsenlcal-sensltlva  sites  are  unknown. 
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Histologic  Chaagss  Caused  by  Application  of  Lewisite  Asuilogs  to  House 
Skin  and  Huaan  Skin  Xenografts-~-McGown  et  al 


The  akin  vesicating  action  of  organic  arsenicals  is  well  known 
(1,2),  and  yet  their  aechanisa  of  action  is  poorly  understood.  Thiols 
are  the  biocheaical  entities  aost  sensitive  to  arsenicals  (J). 

Because  of  the  ubiquity  of  biological  sulfhydryls,  aany  enxyaes  and 
other  proteins  could  be  involved  in  arsenical  toxicity.  Ketoacid 
oxidases  coaprise  the  aost  sensitive  class  of  enzyaes  reported  to 
date,  due  to  their  dithiol-containing  lipoic  acid  cofactor.  The  rise 
in  blood  ketoacids  and  depressed  glucose  utilisation  during  acute 
arsenical  poisoning  suggests  that  ketoacid  oxidases  are  involved  in 
syateaic  arsenical  toxicity  <3).  However,  there  is  no  direct  evidence 
that  inhibition  of  these  ensyaes  is  involved  in  skin  vesication  and 
injury. 

The  design  of  antidotes  to  vesicant  arsenicals  requires  a 
knowledge  of  their  aolecular  aechanisas  and  sites  of  actions.  Because 
there  is  no  ethically  acceptable  swans  of  studying  the  effects  of 
these  toxic  substances  on  the  skin  of  huaan  volunteers,  an  appropriate 
in  vitro  systea  or  aniaal  aodc4.  ia  needed.  One  such  aodel  is  the 
huaan  skin  grafted  athyaic  nude  aouse  (4,5).  This  aniaal  aodel  was 
recently  established  at  LAIR.  Fhenyldichloroarsine  (PDA)  is  an  analog 
of  lewisite  with  siailar  vesicant  potency  (1,2).  The  study  described 
in  this  report  was  intended  to  deteraine  the  aorphological  changes  in 
nude  mouse  skin  and  huaan  skin  xenografts  on  the  nude  aouse  follovring 
application  of  PDA. 

HETHUUS 

Phenyldichlcroarsine  (PDA)  was  purchased  from  Research 
Organic/Inorganic  Cheaical  Corp.,  Sun  Valley,  CA.  It  was  purified  by 
repeated  distillation  at  128^C  under  13  am  Hg  of  nitrogen  and  the 
purity  (>  99Z)  was  verified  by  infrared  spectrophotometry. 

Pheny Idiiodoarsine  was  prepared  from  PDA  by  direct  halogen  exchange. 
This  involved  reaction  of  PDA  with  a  ten-fold  excess  of  potassium 
iodide,  followed  by  solvent  extraction,  filtration  and  vacuum  removal 
of  the  solvent.  (Trans)chloroviny Idiiodoarsine  and 
( trans)chlorovinylarsine  oxide  were  obtained  through  the  courtesy  of 
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S.  Halloweli;  Chemical  Research  and  Development  Center;  Aberdeen 
Proving  Ground,  MD.  (We  refer  to  these  compounds  as  lewisite  iodide 
and  lewisite  oxide.)  Phenylarsine  oxide  wss  purchased  from  ICN-K&K 
Laboratories,  Inc.;  Plainview,  NY.  Innediately  before  use,  PDA  and 
lewisite  iodide  were  dissolved  in  anhydrous  ethanol  to  a  concentration 
of  1.25  H.  Preparation  of  1.25  H  solutions  of  phenylarsine  oxide  and 
lewisite  oxide  was  accomplished  by  addition  of  2.5  H  HCl. 

Pheny Idiiodoarsine  was  prepared  to  0.25  K  because  of  its  lower 
solubility  in  ethanol. 

Six-week-old  athymic  nude  mice  were  purchased  from  Harlsn 
Industries,  Indianapolis,  IN.  Skin  specimens  ( post-rhytidectomy)  were 
obtained  from  volunteers  as  a  by-product  of  surgery  at  the  Letterman 
Army  Medical  Center  (LAMC)  under  the  approved  LAHC  Protocol  Addendum 
CH-81-Oi,  "Human  Skin  for  Purposes  of  Research  Concerning  Penetration 
of  Chemicals  and  for  Studies  of  Function. "  Skin  grafting  was  done 
•iCLording  to  the  standard  operating  procedure  described  in  LAIR  OP- 
l)CII-)7.  Wlienever  .in  experiment  used  grafts  wnich  had  been  obtained 
from  more  than  one  donor,  the  animals  corresponding  to  each  donor  were 
distributed  among  the  treatments  groups  such  that  all  groups  contained 
grafts  from  all  donors,  if  possible.  The  mice  were  anesthetized  with 
an  intrapei'itoneal  injection  of  chloral  hydrate  (0.56  mg/g  of  body  wt) 
and  treated  in  a  fume  hood. 

PDA  was  applied  topically  to  38  grafted  and  44  ungrafted  mice. 

One  nicroliter  ^f  1.25  M  PDA  in  ethanol  was  placed  with  a  micropipet 
onto  a  0.125  cm*^  circular  area  of  nude  mouse  skin  or  human  skin  graft 
and  one  microliter  of  ethanol  was  placed  onto  a  separate  area  as  a 
control.  After  0.5  to  48  hr,  they  were  killed  by  cervical  spine 
dislocation.  The  treated  areas  of  skin  were  excised,  fixed  in  lOZ 
neutral  buffered  formalin,  embedded  in  paraffin  for  sectioning  and. 
stained  with  hematoxylin  and  eosin.  Samples  intended  for  electron 
microscopy  were  fixed  in  Karnovsky's  fixative  and  embedded  in  BPON 
resin.  To  minimize  subjective  bias  during  review,  all  light 
laicruscopy  slides  were  coded  and  randomized.  To  evaluate  the 
developmiint  of  ihe  lesion  as  a  function  of  time,  we  devised  a  semi- 
({iiant  i  tat  ive  system  to  score  the  extent  of  damage  (localized  to 
widespread  )  or  degree  of  damage  (none  to  marked)  in  the  most  severely 
aftected  area  of  the  lesion.  Nuclear  degeneration  was  scored  0  to  4 
.14  follows';  0  ( n<)  change),  I  (detectable  pyknosis),  2  (moderate 
pyknoais),  3  I  loss  ot  basophilia  with  nuclear  outline  remaining),  and 
4  (complete  loss  of  nuclei).  To  evaluate  changes  in  cytoplasmic 
staining,  the  seciiuns  were  examined  under  low  power  (4X) 
magnification.  The  extent  ot  loss  of  cytoplasmic  basophilia  in  J 
contiguous  low  power  fielda  (LPF)  waa  scored  as  follows:  0  (No  lots), 

I  (<  0.75  LPF),  2  (0.75  -  1.5  LPF),  3  (1.5  -  2.25  LPF),  4  (>  2.25 
LPF).  bpidermal  cytoplasmic  vacuole  formation  was  acored  0  to  3  on 
the  basis  ot  size  of  vacuoles  and  extent  of  occurrence  as  follows:  0 
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ino  vacuoles  seen)*  1  (mall  vacuoles  occupying  less  Chan  one-halt* 
apparent  cyCoplasaiic  woluae,  and  3  (vacuoles  large  enough  Co  coapress 
or  displace  nucleus)*  Subepidenaal  cleft  fonsaCion  was  scored  on  Che 
basis  of  extent  of  occurrence  across  the  diameter  of  a  low  power  (4X) 
field.  0  (none),  I  (<  2SZ),  2  (2SZ  -  SOZ),  3  (SOZ  -  7SZ),  and  4  ( 73Z- 
lOOZ).  Inf lamsiatioa  uas  scored  from  0  to  4  as  follows:  0  (none),  1 
(apparent  increase  ir<  RtN's  in  vessels  and  migration  of  these  cells 
into  the  adjacent  tissue  in  Che  vicinity  of  the  vessels,  2  (more 
diffuse,  but  still  relatively  sparse  inf laaamsaCinn),  3  (intermediate 
between  2  and  4)  and  4  (maximum  density  of  PMM's.  The  walling-off 
pattern  may  or  may  not  be  present.) 

In  a  subaequent  experiment,  we  studied  the  histologic  changes 
resulting  from  application  of  four  additional  lewisite  analogs  Co  nude 
mouse  skin.  PDA,  phenylarsine  oxide,  phenyldiiodoarsine,  lewisite 
oxide  and  lewisite  iodide  were  applied  to  the  skin  of  nude  mice  (four 
animais  per  group).  All  arsenicals  were  applied  in  single  one 
microLiCer  doses  as  described  above  for  PDA,  except 
phenyldiiodoarsine.  Because  of  its  lower  solubility  in  ethanol,  five 
applications  onto  the  same  circular  area  were  necessary  to  accomplish 
a  total  arsenical  dose  equivalent  to  the  others.  The  animala  were 
killed  after  24  hours  and  the  skin  samples  prepared  as  desciibed 
above. 

KESULTS 

Macroscopic  chanxes. 

Application  of  PDA  to  human  skin  grafts  caused  marked  edema  within 
6  hr  and,  after  12  hr,  the  edematous  areas  (approximstely  0.7  cm  in 
diameter)  were  greyish.  PDA  treatMnt  of  nude  nouae  skin  caused 
macular  erythema  and  slight  edema  within  30  min.  By  3  hr  the  erythema 
disappeared  but  the  edema  was  more  severe.  A  grey’^ita  sone  appeared 
around  the  lesion  within  5  hr.  By  16  hr,  the  edema  had  subsided,  but 
the  grey-white  sone  remained. 

Histologic  observations:  Untreated  nude  mouse  skin  and  human  skin 
irsfU^ 

The  normal  untreated  nude  mouse  epidermis  (Figure  1)  consisted  of 
three  or  four  cell  layers  with  a  thin  stratum  curneum.  Hair  follicles 
and  sebaceous  glands  were  present.  The  hair  developed  in  apparently 
normal  follicular  atructurcs  but  the  hair  shaft  fractured  near  the 
epidermis  in  idiat  appeared  to  be  a  contorted  infundibulum.  The  dermis 
was  not  differentiated  into  papillary  and  reticular,  as  occurs  in 
human  skin.  The  normal  mouse  dermis  was  devoid  of  inf laasaatory  cells. 
Mast  cells  were  readily  found.  The  panniculus  carnosus  (Figure  2),  a 
thin  layer  of  striated  muscle,  was  separated  from  the  dermis  by  a  thin 
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layer  of  adipose  tissue.  In  the  usual  speclaen,  fat  was  present 
inferior  to  the  pannlculus. 

The  grafted  human  skin  departed  considerably  from  norotal  (Figures 
2  and  3).  The  epidermis  exhibited  the  usual  stratification,  but  rete 
ridges  were  blunted  or  absent.  Focal  ulcerations  of  unknown  cause 
were  occasionally  seen  at  the  graft  margin.  The  ulcerations  were 
histologically  distinct  from  the  lesion  caused  by  PDA.  Appendages 
were  sparse  and  limited  to  an  occasional  vellus  follicle  and  sebaceous 
gland.  Eccrine  glands  were  occasionally  seen.  The  dermis  had  lost 
its  usual  pattern  and  consisted  of  an  undifferentiated  fibroblastic 
proliferation  with  an  Increase  in  connective  tissue  fibers.  Foreign 
body  granulomas  were  common,  probably  resulting  from  introduction  of 
foreign  particles  during  handling  and  surgery.  There  were  occasional 
lymphoid  cells. 


Hist ologlc  changes  following  application  of  PDA. 


Several  consistent  changes  follo%%d  the  application  of  PDA  to  nude 
mouse  skin  and  human  skin  grafts.  These  are  listed  below  in  the 
approximate  temporal  order  of  their  appearance.  The  cliangea  were 
similar  in  mouse  and  human  skin  grafts  except  for  timing  of  appearance 
and  vacuole  formation,  the  latter  appearing  only  Infrequently  In  the 
mouse  skin. 


*  Epithelial  cell  nuclear  changes  (Figures  4  and  5)  were 
characterized  by  early  pyknosia  (shrinkage  of  th»  nucleus) 
followed  by  loss  of  stalnabillty  at  the  cells  became  necrotic. 
The  nuclear  and  cytoplasmic  changes  appeared  almost 
simultaneously. 

*  Cytoplasmic  changes,  indicated  by  loss  of  the  normal  amphophilic 
staining  quality,  resulted  in  increased  eoslnophllia* 

Cytoplasmic  vacuolization  occurred  in  the  epidermal  cells* 
Vacuoles  were  larger  and  more  numerous  in  the  grafts. 
Vacuolization  was  not  coextensive  with  other  epidermal 
cytoplasmic  and  nuclear  changes.  Instead,  the  vacucles  appeared 
near  the  periphery  of  the  affected  area. 

*  Clefts  (Figures  4  to  6)  appeared  frequently  within  the  basement 
membrane  zone.  Fluid  build-up  was  not  apparant. 

*  Hair  follicles  and  sebaceous  glands  showed  sC  approximately  the 
same  time  similar  cellular  changes  as  the  epidermal  eclia*  As 
in  the  epidermis,  the  affected  cells  were  the  more  metabollcslly 
active  cells. 
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*  Denial  iaf laaMtion*  eoaaiating  axcluaivaly  o£  PHIU,  appeared 
after  a  diatinct  delay  of  4  to  6  hr.  Later,  the  PHHs  formed  a 
peculiar  "vail"  around  the  reactioo  zone  but  did  not  infiltrate 
the  area,  flie  "wall"  was  characterized  by  a  dense  band  of  PMNs 
(Figures  7  and  8)  extending  from  the  borders  of  the  affected 
epidermis,  through  the  dermis,  to  the  underlying  fat.  It 
enclosed  the  altered  dermis  and  fat  in  a  manner  similar  to  that 
seen  in  ischemic  infarcts,  although  in  the  case  of  the  PDA 
lesions,  the  enclosed  tissue  did  not  appear  necrotic. 


*  Adipose  tissue  showed  areolar  degeneration  (Figure  9)  and  was 
devoid  of  recognizable  adipocytes. 

*  Muscle  fibers  in  the  panniculua  cainosus  (Figure  9)  were 
shrunken,  eosinophilic  and,  in  some  areas,  decreased  in  number. 

Figure  10  auoaiarizes  Che  earliest  time  that  each  structural 
alteration  was  detected.  Nuclear  and  cytoplasmic  changes  occurred 
rapidly  and  at  approximately  the  same  time.  Appendageal  changes  did 
not  lag  behind,  thus  indicating  rapid  penetration  of  the  arsenical 
into  skin  appendages.  The  changes  occurred  somewhat  later  in  the 
grafts  Chan  in  Che  mouse  skin.  Inflammatory  cell  infiltration 
occurred  at  about  4  hr  and  PMN  "walling  off"  first  appeared  at  about 
12  hr.  Changes  in  Che  (mouse)  adipose  tissua  were  observed  at  about  6 
hr.  Although  transient  edems  was  detected  grossly,  it  could  not  be 
evaluated  microscopically. 

To  investigate  the  degree  of  toxic  response  a.>  a  function  of  time, 
the  mice  were  killed  and  the  treated  areas  excised  6,  12,  7.4  or  48  hr 
after  application  of  PDA.  Figurea  11  to  I?  summarize  the  progress  of 
the  histological  alterations  from  6  to  48  hr  after  FDA  application. 
Epidermal  nuclei  in  grafts  and  mouse  skin  progressively  degenerated 
through  48  hr  after  FDA  application  (Figure  11).  Changes  in 
cyt  oplasmic  staining  quality  were  maximal  within  6  hr  in  FUA-treaCed 
mouse  skin  and  12  Co  24  hr  in  hiusan  graft  (Figure  12).  Epidermal 
cyt  oplasmic  vacuole  formation  was  characteristic  of  FDA-treated  human 
skin  grafts,  but  was  infrequent  in  mouse  skin  (Figure  l:)).  Vacuoles 
reached  maximal  size  within  12  to  24  hr.  Subepidermal  cleft  formation 
occurred  as  a  result  of  FDA  treatment  and  was  maximal  within  12  hr  in 
mouse  skin  and  24  hr  in  human  skin  grafts  (Figure  14).  Nuclear 
degeneration  in  mouse  hair  follicles  snd  sebaceous  glands  increased  in 
severity  through  48  hr  (Figures  15  and  16).  Human  skin  grafts  did  not 
contain  enough  appendages  Co  evaluate  quantitatively.  FMN  density 
increased  through  48  hr  in  both  nude  mouse  snd  human  skin  grafts 
(Figure  17).  The  FMN's  did  not  infiltrate  the  lesion,  but  instead 
sccumulsCed  at  the  periphery  of  the  treatment  zone. 
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Subsequent  experiaents  were  designed  to  evaluate  the  progress  of 
alterations  after  shorter  exposures  to  PDA*  Exposures  of  2  and  4  hr 
produced  obvious  histologic  changes,  but  sections  obtained  after  only 
1  hr  frequently  could  not  be  distinguished  froa  controls. 

Histologic  changes  follo%>lng  application  ef  other  lewisite  analogs. 

After  docfsaentlng  the  FDA-caused  histologic  changes  In  nude  mouse 
skin,  we  next  sought  to  learn  whether  or  not  the  lesions  of  other 
lewisite  analogs  were  siallar.  The  following  trlvalent  organic 
arsentcals  were  applied  in  ethanol  carriers  to  nude  souse  skin: 
phenylarslne  oxide,  phenyldllodoarslne,  lewisite  oxide,  lewisite 
Iodide  and  PDA.  At  24  hr  (the  only  tlae  point  examined),  the  lesions 
trere  histologically  Indlstlngtxlshable  froa  each  other. 

Transatsslon  Electron  Microscopic  changes. 

Transalsslon  electron  alcroscopy  was  used  to  Investigate 
ul treat ructural  changes  In  nude  mouse  skin  after  PDA  exposures  of  I, 

2,  4,  and  6  hr.  PDA  caused  a  widening  of  Intercellular  spaces  (Figure 
18),  although  the  desaocoaes  remained  attached.  Ihelear  degeneration 
was  apparent  (Figure  19).  Areas  containing  clefts  clearly  showed 
separation  In  the  lamina  luclda,  with  the  lamina  dense  forming  the 
base  of  the  cleft  (Figures  19  and  20). 

OISCI’SSION 

Nuclear  degeneration  and  loss  of  cytoplasmic  basophilia  In 
eplderaal  and  sppendageal  cells  were  the  earliest  characteristic 
structural  alterations  resulting  from  PDA  exposure.  Epidermal  clefts 
frequently  occurred  In  both  skin  types,  while  cytoplasalc  vacnoles 
foraed  prlaarlly  In  husan  skin  xenografts.  PNNs  appeared  after  4  to  6 
hr.  The  lesions  caused  by  phenylarslne  oxide,  phenyldllodoarslne, 
lewisite  oxide  and  lewisite  Iodide  were  histologically 
Indistinguishable  froa  that  caused  by  exposure  to  FDA.  This  suggests 
that  all  of  the  lewisite  analogs  examined  have  similar  potency  and 
biologic  artlon. 

In  general,  our  findings  support  and  extend  the  work  of  Cameron, 
Carle ton  and  Short  (6).  They  studied  biopsies  of  human  skin  following 
exposure  to  drops  of  pure  lewisite.  Presumably  this  represents  a  dose 
several  times  higher  than  the  PDA  dose  used  in  the  present  study. 

They  described  blisters  In  the  basement  membrane,  eosinophilic 
staining  of  the  eplderaal  cell  cytoplasm,  hydropic  cytoplasm  and 
nuclear  degeneration.  Appendages  were  not  described.  They  apparently 
observed  "walling  off"  of  the  FMHs:  "Lying  Just  below  the  floor  of 
the  blister  there  is  often  a  narrow  band  of  scattered  degenerate 
polymorphs. .. .Its  restricted  nature  suggests  that  the  first  leucocyte 
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reapoasc  cease* »  possibly  as  a  result  of  circulatory  stasis  or  because 
of  unfavorable  conditions'*  (6)«  Their  report  did  not  include 
photonic rographs. 

In  an  earlier  (1926)  U.  S.  Amy  study,  histologic  changes  were 
studied  in  the  skin  of  horses  after  application  of  drops  of  lewisite 
(7)c  At  3  hr  no  degenerative  change*  were  apparent  in  the  epidermis, 
but  eoBM  of  the  epithelial  cells  in  the  hair  follicles  contained 
vecttolea*  (This  is  at  variance  fro*  our  results  in  which  epidernal 
changes  occurred  early*)  Bdeaa  was  a  preninent  finding  with  sane 
nigration  of  PMHs  out  of  blood  vessels*  By  24  hr,  there  was  increases 
affinity  for  eosin  and  shrinkage  of  nuclei.  Vacuolar  degeneration  of 
nuclei  of  individual  cells  occurred  at  the  nargin  of  the  lesion. 
Appendages  showed  the  sane  changes  as  the  epidermis.  There  was  I'MN 
infiltration  in  all  layers  of  dernis  and  subcutaneous  tissue.  At  4b 
hr,  the  epidernal  changes  had  progressed  to  necrosis.  Dental 
fibroblast  nuclei  were  pyknotic  and,  in  the  dernis;  "Leucocytic 
infiltration  is  present  only  st  the  nargin;  over  the  suamit  of  the 
lesion,  the  coriun  is  practically  free  of  wandering  cells.  The  deeper 
layers  of  the  coriun,  on  the  other  hand,  are  diffusely  invaded  with 
leucocytes*  Thase  do  not  show  the  caryorrhexis  «ihich  is  so  striking 
in  the  nustard'-gas  lesions"  (7).  Allowing  for  variations  in  tines  of 
appearance  and  absence  of  vesicles  in  the  horse,  lewisite  produced 
renarkably  sinilar  changes  to  those  caused  by  PDA  in  the  skin  of  the 
human  and  nude  mouse. 

In  this  study  the  appearance  of  vacuoles,  especially  in  the  PDA- 
treated  graft  epidemis,  is  unexplained'.  Vacuoles  were  not 
distributed  throughout  the  lesion,  but  instead  appeared  only  at  the 
periphery  of  the  treated  area.  Possibly  vacuole  fomation  is 
dependent  on  netabolic  processes  which  remain  in  minimally-injured 
cells,  but  have  ceased  in  the  central  portion  of  the  lesion.  In  1941, 
Montgomery  and  Waisnan  (8)  described  sinilsr  changes  in  arsenical 
dermatoses  but,  in  recent  yesrs,  demstopathologists  have  considered 
vacuolisation  to  be  nonspecific. 

PMNs  appeared  after  4  to  6  hr,  but  seemed  to  be  unable  to  migrate 
beyond  a  certain  point,  at  least  by  48  hr.  Instead  they  formed  a  wall 
around  the  lesion.  Similar  "walling  off"  is  seen  in  such  instances  as 
myocardial  or  renal  infarct,  where  tissue  is  dead  or  dying  and 
circulation  has  ceased.  However,  the  walled-off  areas  in  the  present 
study  did  not  appear  infarcted,  although  nuclei  of  dermal  fibroblasts 
were  pyknotic*  A  possible  explanation  for  piling  up  of  PMNs  is  that 
the  residual  arsenical  concentration  in  the  treatsMunt  site  was  high 
enough  to  be  cytotoxic  or  to  inhibit  their  mobility.  PDA  is  a  potent 
inhibitor  of  several  phagocytosis-related  cellular  processes  in  PMNs 
(McGown,  unpublished  observations). 
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Clefls  in  the  basunenC  MMbrane  are  preauaably  the  histuloKic 
precursors  to  aacroscopic  blisters,  although  there  were  no  obvious 
blisters  in  these  experiments.  A  possible  reason  for  the  lack  of 
blisters  is  that  the  follicular  structures  formed  anchoring  points  and 
inhibited  the  formation  of  visible  blisters.  The  basement  membrane  of 
the  follicles  did  not  separate,  despite  the  fact  that  the  follicular 
cells  were  damaged. 

Nitrogen  mustard  exposure  also  causes  basement  membrane  clefts  in 
human  skin  grafts  on  nude  mice  (van  Ravenswaay  and  Slack,  unpublished 
observations).  Several  bli?*ering  human  diseases  are  characterized  by 
cleft  formation  in  the  basement  membrane,  because  the  blistering 
process  involves  the  basement  membrane,  we  are  including  in  this 
discussion  a  review  of  present  knowledge  of  its  composition. 

The  basement  membrane  is  a  complex,  but  ordered,  structure 
consisting  of  components  from  both  the  epidermis  and  dermis.  An 
electron  dense  layer  (lamina  densa)  forms  a  continuous  foundation  that 
is  attached  to  the  underlying  dermis  by  anchoring  fibrils  extending  in 
an  irregular  fashion  into  the  dermis.  Sometimes  the  "sublamina  densa" 
is  distinguished  as  the  region  which  contains  the  anchoring  fibrils, 
microfibrillar  bundles  and  collagen  fibers  (9).  The  basal 
keratinocytes  are  separated  from  the  lamina  densa  by  the  lamina 
lucida,  an  electron  lucent  layer  without  visible  structure  by 
transmission  electron  microscopy.  The  lamina  lucida  appears 
continuous  with  the  intercellular  spaces  of  epidermis,  although  the 
glycosaminoglycans  of  the  epidermis  and  lamina  lucida  can  be 
distinguished,  basal  cells  are  attached  to  one  another  by  means  of 
desmosomes.  In  addition,  hemidesmosomes  in  their  membranes  abut  the 
lamina  lucida,  and  from  these  extend  delicate  filaments  which  traverse 
the  lamina  lucida.  NucH  investigation  is  currently  directed  toward 
identification  of  basal  lamina  components,  primarily  with 
immunochemical  techniques.  The  lamina  lucida  contains  laminin  and 
bullous  pemphigoid  antigen,  both  of  which  are  synthesized  by  the 
•'pid.rmis  (10,  II).  Laminin,  a  heparan  sulfate-rich  proteoglycan 
organized  into  disulfide-linked  chains,  appears  to  promote  attachment 
of  epidermal  cells  to  type  IV  collagen  (12).  The  bullous  pemphigoid 
antigen  is  a  disease-specific,  disulfide-containing  glycoprotein 
identified  by  antibodies  circulating  in  patients'  sera  (13).  The 
sublamina  densa  region  contains  several  antigens,  including  the 
epidermolysis  bullosa  acquisita  antigen(s)  (9). 

Kullous  pempliigoid  is  an  IgO-mediated  auLoinmune  disease  in  which 
an  antibody  develops  against  the  pemphigoid  antigen  in  the  lamina 
lucida  and,  by  unknown  mechanisms,  initiates  bullae  formation  (14). 
Epidermolysis  bullosa  letalis  (Herlitz)  is  an  hereditary  disease  in 
which  defective  hemidesmosomes  are  possibly  responsible  for  cleft 
formation  in  the  lamina  lucida  (15).  Several  other  diseases  in  the 
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•pidcniolyti*  buLloaa  grot^  product  blitttrt  by  dtteett  in  the  basal 
cells,  or  in  the  anchoring  fibrils  of  the  upper  derais. 

In  the  present  study,  the  clefts  that  fomed  after  exposure  to  PDA 
were  reaerkebly  siailer  to  those  in  the  published  photoaicrographs  of 
bullous  peaphigoid  lesions  (14)*  Perhaps  on  unidentified  arsenical- 
sensitive  coaponent  in  the  leaine  lucids  is  responsible  for  the  cleft 
phenoaeton*  Or  possibly  the  srsenicel  dsasges  the  anchoring  filoaents 
or  inhibits  soae  critical  process  in  the  bssel  cell,  resulting  in 
defective  production  of  leainin  or  the  bullous  peaphigoid  antigen* 
Higher  resolution  electron  aieroscopy  night  shed  light  on  these 
questions* 

CONCLUSIONS 

Vesicating  analogs  of  lewisite  caused  reproducible  histological 
changes  in  both  hunon  skin  xenografts  and  nude  aouse  skin*  We  do  not 
know  the  identity  of  the  aoleculer  lesions  or  even  the  locations  of 
Che  arsenical-sensitive  sites*  The  nuclear  and  cytoplasnic  changes 
are  rather  nonspecific  indicators  of  toxic  dsasge  and  disruption  of 
hoaeostssis*  Because  of  the  unusual  nature  of  the  epidermal  clefts, 
it  is  teapting  to  speculate  that  there  is  an  arsenical-sensitive 
coaponent  in  the  beseaent  aeabrone* 

KHCUMMENOATlOiei 

Studies  should  be  continued  to  gain  insight  into  the  subcellulsr 
(end  ultiastely  aoleculer)  targets  of  ersenicals  in  skin*  Such 
inforastion  is  needed  to  assist  in  the  design  of  iaproved  antidotes* 
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PhotoBlcrograph  of  noraal  nude  souse  skin. 

Photoalcrograph  of  noraal  huaan  skin  xenograft  on  nude 

aouac  skin. 

Pho(  /alerographs  of  noraal  huaan  skin  xenografts 
llluseratlng  hair  follicles  and  sebaceous  glands. 

Photoalcrograph  of  POA-trsated  (24  hrs)  huaan  skin 
xenogtuft  revealing  cleft  fotaatlon  In  the  baseaent 
acabrane  tone. 

Photoalcrograph  of  POA-treated  (24  hrs)  huaan  skin 
xenograft  revealing  a  cleft  In  the  baseaent  tone  and 
cytoplasalc  vacuoles. 

Photoalcrograph  of  PDA'-treated  (6  hrs)  nude  aouse  skin 
revealing  clefts  In  the  baseaent  aeabrane  zone. 

Photoalcrograph  of  PDA-treated  (24  hrs)  htaian  skin 
xenograft  lllustatlng  the  'walling  off  of  the 
polpaorphonuelear  leukocytes  around  the  affected  skin  to 
the  left. 

Photoalcrograph  of  PDA-treated  (24  hrs)  nude  aouse  skin 
illustrstlng  the  "wall’  of  polyaorphonuclear  leukocytes 
following  a  convoluted  course. 

Photoalcrograph  of  POO-treated  (24  hrs)  nude  aouse  skin 
Illustrating  areolav  changes  with  Inflaaaatory  reaction  In 
the  underlying  auscle. 

Tlae  after  PDA  exposure  at  which  histological  changes  were 
first  observed  In  aouse  skin  and  huaan  skin  xenografts. 

Eplderaal  nuclear  degeneration  after  PDA  application. 

Loss  of  basophilia  after  PDA  application. 

Eplderaal  cytcplasalc  vacuole  foraatlon  resulting  *roa  PDA 
application. 

Subeplderaal  cleft  foraatlon  (separation  of  eplderals  froa 
eplderals)  due  to  PDA  exposure. 
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Figure  15  Nuclear  degeneration  of  nuclei  In  outer  ahaath  and  bulb  of 
•ouaa  hair  folllclea  reaultlng  fron  PDA  axpoaure. 

Figure  16  Degeneration  of  undifferentiated  eella  In  nouaa  sabaceoua 
gland  reaultlng  fron  PDA  expoaura* 

Figure  17  Inflaaaiatlon  reaultlng  fron  PDA  axpoaure. 

Figure  18  Trananlaalon  photoalactron  alerograph  of  PDA-traated  (1 
hr)  nude  nouaa  apldamia  llluatratiag  widening  of 
Intercellular  apacaa. 

Figure  19  Trananlaalon  photoalactron  nlcrograph  of  PDA’>treated  nude 
nouaa  akin  llluatratlng  two  daganarata  nuclei  (N)  and  a 
cleft  (Cl)  within  the  baaal  lanlna. 

Figure  20  Trananlaalon  electron  photonlcrograph  of  PDA^treated  (4 
hra)  nude  nouaa  akin  llluatratlng  elefta  within  the  baaal 
lanlna. 
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figure  1 .  PhotMiicrograph  of 
Doraal  nude  souse  skin.  E  ■ 
Bpiderais;  H  ■  Hair  follicle 
showing  contorted  infundibulum 
(follicular  opening);  S  • 
Sebaceous  gland;  D  "  Dermis;  f 
•  Subcutaneous  fat;  X131« 


figure  2.  Photomicrograph  of  normal  human  skin  xenograft 
on  nude  mouse  skin.  White  bar  marks  Junction  of  mouse 
akin  (left)  and  human  skin  graft  (right).  P  >  Panniculus 
carnosus;  X33‘ 
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follicles  and  sebaceous  glands.  D  •  Deniisi  B  ■  Epideniisi  H  >  Vellus  hair 
follicle  (cross  section  of  hair  shaft  above  "H”);  X*31 
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Figure  4.  Photoaicrograph  of  PDA- 
treated  (24  hra)  himan  skin 
xenograft  revealing  cleft 
formation  in  the  basement  membrane 
sone.  Cl  ■  Cleft.  XI 51. 


Figure  5.  Photomicrograph  of  PDA- 
treated  (24  hre)  human  skin 
xenograft  revealing  a  c?  9ft  in  the 
baeement  sone  and  CjrtopTaamic 
vacuoloe.  V  •  Vacuole;  ♦  f  f 
indicate  border  of  affected  sone 
and  normal  epidermis  to  right. 

Note  sharp  demarcation  of  affected 
and  normal  epidermis.  Note  also 
pyknotlc  (shrunken)  and  darkened 
nuclei  in  affected  area.  I  ■ 
Inflammatory  cells  in  dermis;  Cl  * 
Cleft.  X350. 
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Figure  6.  Photomicrograph  of  PDA-treated  (6  hrs)  nude  mouse 
sicln  revealing  clefts  in  the  basement  membrane  sons*  Cl  ■ 
Cleft;  H  -  Hair  follicle;  Xt31. 


Figure  7.  Photomicrograph  of  PDA-treated  (24  hrs)  human 
skin  xenograft  illustrating  the  "walling  off"  of  the 
polTmorphonuclear  leukocytes  around  the  affected  skin  to  the 
left.  W  ■  Wall;  X33. 
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Figure  1 1 .  Eplderael  suelear  degeneration  after  PSA  application. 
Severity  of  daaage  was  graded  on  a  aoale  of  0  to  4 t  0  (no 
change),  1,2  (nlld,  aoderate  pyknoala),  3  (loss  of  haso:^llla, 
with  outline  reaalnlng),  4  (ocaplete  loaa  of  nuol^.  Solid 
clrolea  represent  nean  of  n  ■  4t  vertloal  lines  represent  range 
when  scores  were  not  Identical. 
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ngur*  12.  Loss  of  bssophllis  sftsr  PDA  sppliostion.  Tbs  sxtsnt 
of  loss  of  oytoplssBlo  bssopbilis  in  3  contiguous  lov  power  fields 
(LPP)  (4X  asgnifiostion)  vss  soorsd  as  follows i  0  (Ho  loss),  1  (£ 
0.75  LPH),  2  (0.75  -  1.5  LPf)»  3  (l  .5  -  2.25  LPf),  4  (>2.25  LPF). 
Solid  oirclss  rsprsosnt  assn  of  n  •  4;  vertical  lines  represent 
range  irtisn  scores  were  not  identical. 
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Figure  13.  Epldemal  eytoplaemle  vscuola  fonation  rasulting  from 
PDA  application;  scored  0  to  3  based  on  sisa  of  Taouolest  0  (no 
vacuoles),  1  (small  vacuoles  occupying  less  than  one-balf  apparent 
cytoplasmic  volume,  2  (vacuoles  occupying  more  than  one-half 
apparent  cytoplasmic  volume  and  3  (vacuoles  large  enough  to 
compress  or  displace  nucleus.  Solid  circles  represent  mean  of  n  ■ 
4;  vertical  lines  represent  range  when  scores  were  not  identical. 
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Figure  14.  Sut«pld«ni«l  cl*n  formation  (■•pnration  of  apidamia 
from  apldaxmla)  dua  to  PM  axpoaura.  Soorad  on  tha  baais  of 
aztant  of  occurranoa  aorosa  tha  diamatar  of  a  low  powar  (4X) 
fiald.  0  (nona).  1  «  25S).  2  (29%  -  90%),  9  (90%  •  79%),  wf  4 
(j^%.100%).  Solid  oirolaa  rapraaant  naan  of  n  •  4i  wartioal  linaa 
rapraaant  ranga  whan  aooraa  wara  not  idantioal. 
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Figure  15.  Huclear  degeneration  of  nuclei  In  outer  dheai;h  and 
bulb  of  mouse  hair  follicles  resulting  from  PDA  exporure.  Scored 
0  to  4  as  for  epidermal  nuclear  changes  In  Figure  It*  Solid 
circles  represent  mean  of  n  ■  4;  vertical  lines  represent  range 
when  scores  were  not  identical. 


Figure  16.  Degeneration  of  undifferentiated  cells  In  mouse 
sebaceous  gland  resulting  from  PDA  exposure.  Changes  scored  0  to 
4  as  for  epidarmal  nuclear  changes  in  Figure  11^  Solid  circles 
represent  mean  of  n  >  4;  vertical  lines  represent  range  when 
ecores  were  not  identical. 
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Figure  17>  InflaMatlon  resulting  fros  FDA  exposure.  Scored  from 
0  to  4t  0  (no  Inf lamstlon) ,  1  (apparent  Increase  In  PNH's  In 
veasels  and  migration  of  these  cells  Into  adjacent  tissue  In  the 
vicinity  of  the  vessels),  2  (more  diffuse,  but  still  relatively 
sparse  Inf lasmatlon) ,  3  intermediate  between  2  and  4)  and  4 
(maximum  density  of  Fid's).  Solid  circles  represent  mean  of  a  ■ 

4;  vertical  lines  represent  .'inge  when  scores  were  not  Identioal. 
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Figure  18.  Transmission  photoelectron  micrograph  of  PDA- 
treated  (l  hr)  nude  raouae  epidemia  illustrating  widening  of 
intercellular  spaces.  H  •  Keratinocyte  nucleus;  Cy- 
Keratinocyte  cytoplasm;  ■  Desmosomes  between  arrows; 

X12,000. 


Figure  19.  Transmission 
photoelectron  micrograph  of 
PDA-treated  nude  mouse  skin 
illustrating  two  degenerate 
nuclei  (N)  and  a  cleft  (Cl) 
within  the  basal  lamina.  D  ■■ 
Dermis;  X5400. 


McGown--35 


7igur«  20*  Tranaaisaloa  electron  photomicrograph  of  PDA- 
treated  (4  hra)  nude  aouae  akin  llluatratlng  clefta  vlthln 
the  baaal  laalna.  Cl  ■  Cleft;  D  -  Derrala  (collagen  flbera  In 
croaa  and  Icngltudlnal  aectlon);  K  ■  Keratlnocyte  cytoplaam; 
Cy  •  Cytoplaaa  of  keratlnocyte; • N  >  Nucleua  of  Keratlnocyte. 
Double  arrowa  ( 'Sr  )  Indicate  laalna  denaa  with  lamina  luclda 
Juat  above,  alngle  arrow  (  ^  )  Indlcatea  detached 
healdeaaoaoae.  Top,  X3400;  Bottom,  XI 8,000. 
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